This study investigated the incidence and risk factors of mortality in 2,476 patients with variant angina (VA) using the National Health Insurance Service-National Sample Cohort between 2004 and 2011. The risk factors of all-cause and cardiac mortality were investigated using Cox proportional hazards model. Most patients (69.5%) were less than 65 years and 42.9% were women. During the median follow-up duration of 4.9 years, there were 178 (7.2%) and 95 (3.8%) cases of all-cause and cardiac mortality, respectively. Older age, hypertension, diabetes mellitus, poor medication adherence, low household income and tertiary teaching hospitals were independent predictors for all-cause mortality, while older age, hypertension, low household income and tertiary teaching hospitals were independent predictors for cardiac mortality. In conclusion, our findings suggest that traditional risk factor control and continued medication are important to improve VA outcomes, and that household income-level factors should be considered in the assessment of risk of VA patients.
. Reversible coronary artery spasm has been established as the cause of VA 4, 5 . Vasodilators are effective in relieving coronary artery spasm [6] [7] [8] [9] [10] ; thus, as long as VA patients are taking vasodilators, their prognoses are better than those with atherosclerotic coronary stenosis [11] [12] [13] . However, sometimes, severe coronary spasm causes acute myocardial infarction (AMI) and fatal arrhythmia such as ventricular tachycardia, ventricular fibrillation and complete atrioventricular block, and subsequent cardiac arrest and death 11, 14, 15 . Even though some studies have investigated the outcomes and prognostic factors of patients with VA 6, 7, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , they had several weak points; first, sample sizes were relatively small and/or follow-up durations were short in most of those studies, therefore they would potentially have generalization problem; second. some of studies were performed several decades prior 6, 7, [13] [14] [15] , and the current VA treatment strategy using newer VA treatments such as K ATP channel agonist (nicorandil) 23, 24 , was not available for use in those studies. Therefore, investigations on VA with large subject numbers and long-term clinical follow-up duration are needed to better understand and manage this disease. Moreover, it would be helpful for such investigations to include more recent clinical practices for VA.
The purpose of this study was to determine the long-term mortality in 2,476 patients who had VA as a primary diagnosis between 2004 and 2011, and to identify the prognostic factors.
Results
Baseline characteristics of study subjects. The baseline characteristics of study subjects are shown in Table 1 . In all subjects (n = 2,476), most patients (69.5%) were young and middle aged (< 65 years), and 42.9% were female. About two thirds of subjects had hypertension (65.2%), 21 .5% diabetes mellitus, and 37.8% dyslipidemia. Approximately half (53.5%) of the subjects showed good adherence to VA medications. Most (82.6%) of the subjects were treated in tertiary teaching hospitals, and 96.8% of the subjects had health insurance. About half (45.6%) of the subjects lived in metropolitan areas. Although there were some variations in the incidence of clinical variables as well as the number of VA patients each year, no specific trends were observed from 2004 to 2011.
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Mortality rates. All-cause and cardiac mortality rates are shown in Kaplan-Meyer curves (Fig. 1) . During the median follow-up duration of 1,791 days (interquartile range, 1,089-2,673 days), there were 178 (7.2%) and 95 (3.8%) cases of all-cause mortality and cardiovascular mortality, respectively ( Table 2 ). The annualized all-cause mortality and cardiovascular mortality rates of VA patients were 1.38% and 0.73%, respectively. The all-cause mortality rates were 11.2% in 2004, and 3.5% in 2011, and cardiovascular mortality rates Mortality predictors. The independent predictors of all-cause and cardiovascular mortality are shown in Interactions between medication adherence and clinical variables. Interactions between poor medication adherence and mortality by age, sex, comorbidities, type of medical center, type of health security, household income, and region are shown in Table 4 . There were no interaction in associations between poor medication adherences and mortality by sex, comorbidities, type of medical center, type of health security, household income, and region (P < 0.1 for each). Old age (aged ≥ 65 years) was the only factor having interaction with poor medication adherence in the prediction of total and cardiac mortality (P = 0.005 for each).
Factors associated with good medication adherence. Independent factors associated with good medication adherence are shown in Table 3 . Independent predictors for all-cause and cardiovascular mortality.
mellitus (OR, 1.14; 95% CI, 1.04-1.24), non-tertiary teaching hospitals (non-tertiary teaching hospital versus tertiary teaching hospital, OR, 0.72; 95% CI, 0.64-0.80), and non-metropolitan region (OR, 1.12; 95% CI, 1.03-1.21) were independent factors associated with good medication adherence.
Discussion
The results of our study of a large population of VA patients with a median follow-up of 1,791 days (= 4.9 years) showed that the all-cause mortality of VA patients was 7.2% (annualized all-cause mortality rate = 1.38%) and cardiovascular mortality was 3.8% (annualized cardiovascular mortality rate = 0.73%). In VA patients, older age, hypertension, diabetes mellitus, poor medication adherence and low household income were independent risk factors of all-cause mortality, while older age, hypertension and low household income were independent risk factors of cardiovascular mortality. To the best of our knowledge, this is the largest study in the literature with a long follow-up period that shows the mortality rates and predictors in VA patients. Of additional interest, the independent association between low household income and poor VA outcomes was a meaningful and novel finding that has not been addressed in the literature to date. The incidence of VA mortality has been reported by several studies 6, 7, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . However, those reports were limited in size and/or duration of follow-up. Bory et al. 6 investigated 277 VA patients in France with a median follow-up of 7.4 years, and found all-cause and cardiac mortality rates of 7.2% and 3.6%, respectively, similar to our findings. A more recent study performed in Europe with 270 VA patients showed that 11.1% of patients died of cardiac causes after 3 years of follow-up 12 . The relatively high incidence of cardiac death in those patients was likely because of all the study patients had combined organic coronary stenosis. Indeed, none of the 76 VA patients without culprit coronary lesions had cardiac death in the same study 12 . Similarly, Figueras et al. 18 reported a very low rate (7.0%) of VA-associated cardiac mortality in 273 VA patients without significant organic coronary stenosis during 12 years of follow-up. A study of Japanese nationwide registry data of 1,244 VA patients showed that the incidence of all-cause mortality and cardiac mortality during 2.7 years of follow-up was 1.3% and 0.3%, respectively 25 . Korean registry data including 2,129 patients with vasospasm revealed that the 2-year incidence of cardiac death was 0.9% 19 . Considering our study's considerably longer follow-up duration (median 4.9 years), the rates of cardiac mortality of the previous Korean study could be expected to be similar to ours when the follow-up duration was increased about five fold. Our present study is the largest (n = 2,476) thus far with a long follow-up period (median, 4.9 years). Discrepancies among studies are mainly attributed to differences in study populations, diagnostic and management methods and length of follow-up. In general, VA prognosis has been reported to be worse in Western countries than in Asian countries 24 . Some previous studies that were performed several decades ago, demonstrated that annualized mortality rates of VA patients were > 5% 7, 22 , much higher than recent studies including ours.
Our results showed that VA mortality rates continuously decline from 2004 to 2011. However, this result should be interpreted cautiously because of lead-time bias. Lower mortality rates might be associated with shorter follow-up duration in patients more recently diagnosed with VA.
Several clinical parameters have been known to be risk factors of poor VA outcome. These include cigarette smoking, combined organic coronary stenosis and multi-vessel spasm 20 . Common cardiovascular risk factors including advanced age, hypertension and diabetes mellitus were independently associated with mortality in our study. Consistent with this finding, a previous study showed that systemic hypertension was a predictor of major coronary evens in VA patients in a multivariable analysis 6 . Another study also showed that more advanced age, hypertension and dyslipidemia were independent predictors of sudden cardiac death in VA patients 16 . However, a contradicting result indicated that traditional risk factors such as hypertension, diabetes mellitus and hypertension did not affect VA prognosis 26 . Further studies focused on this issue should clarify the association between classical cardiovascular risk factors and VA outcomes.
Patients' adherence to medications is very important for the reduction of the frequency and severity of VA attacks. Abrupt cessation of medications is frequently associated with a more severe form of VA attack, as a rebound phenomenon 27, 28 . In agreement with this finding, our study also showed that poor adherence to vasodilator therapy was independently associated with all-cause mortality in VA patients. We also showed that most of clinical variables did not have interactions with poor medication adherence in the prediction of mortality. Considering that half of patients had poor medication adherence in our study, identification of an effective medical strategy for improving medication adherence may significantly improve VA outcomes. Younger age, female sex and absence of comorbidities including hypertension and diabetes mellitus were independently associated with poor medication adherence in our study. Physicians should recognize the potential hazards of vasodilator withdrawal, and emphasize the importance of regular medications especially in young female VA patients without hypertension and diabetes mellitus to improve their outcomes as well as reduce VA attacks.
The influence of socioeconomic status on VA prognosis has not been reported. We found that lower household income was associated with an increased risk of VA mortality. The inverse relationship between socioeconomic status and other ischemic heart disease has been well described 29, 30 . As a consistent finding, our study also showed that low household income was independently associated with increased all-cause and cardiac mortality in VA patients. Patients with lower household income may not receive appropriate prevention and management of cardiovascular disease. Risk factors are more likely to be poorly controlled, and seeking of care is delayed. Indeed, it has been shown that people with lower socioeconomic status have more unfavorable risk factors such as smoking, Table 5 . Independent factors associated with good medication adherence.
high blood pressure and elevated cholesterol. They also undergo fewer cardiac procedures, take fewer medications and utilize less post hospital discharge care and follow-up 31 . Socioeconomic status should be considered as an important factor in the assessment of risk in patients with VA, and more research is needed to further characterize this issue.
Our results showed that VA patients managed in tertiary teaching hospitals had worse prognosis than those in non-tertiary teaching hospitals. This may be due to differences in case mix, with more severe and complicated cases were transferred and managed in these hospitals.
Aside from the retrospective nature of this study, several limitations should be considered. First, errors from possible coding inaccuracy may be the main limitation of such health insurance-based database 32 . Serious VA-associated complications such as cardiac arrest, AMI or ventricular arrhythmia could be a primary diagnosis, and the VA diagnosis could be masked or missed. Second, methods used for VA diagnosis were not available. Third, information on other risk factors for VA outcomes such as cigarette smoking, combined atherosclerotic coronary stenosis, and multi-vessel spasm was lacking 20 . Additionally, information on medications other than vasodilators was lacking in our study. In particular, antiplatelets, statin and renin-angiotensin system blockers might also have an impact on patients' survival. Fourth, the follow-up periods varied in individual patients depending on the date that VA was diagnosed, and some morality cases may not have been recorded when the patients were not being monitored. Despite these potential limitations, the present study has important clinical implications because a real-world large sample sized data from a national database was used, and without selection bias.
In conclusion, the present nationwide study showed that the annualized all-cause mortality and cardiac mortality rates of Korean VA patients were 1.38% and 0.73%, respectively. Older age, hypertension, diabetes mellitus, poor medical adherence and low socioeconomic status were associated with VA mortality. These findings provide additional evidence that traditional risk factor control and continued medication are important to improve VA outcomes. In addition, our study suggests that household income-level factors should be considered in the assessment of risk of VA patients.
Methods
Data sources. We used 2002-2013 data from the National Health Insurance Service-National Sample Cohort (NHIS-NSC), a population-based cohort established by the National Health Insurance Service (NHIS) in South Korea 33 . Korea has been operating the mandatory universal healthcare coverage system through the NHIS 33 . Every Korean citizen must be covered by the mandated universal healthcare system from birth to death, either National Health Insurance (NHI) for general populations or Medical Aid (MA) for the vulnerable, which is being managed by NHIS 34 . Financially, NHI is mainly funded by NHI premiums gathered from beneficiaries and receiving some government subsides, while MA is funded by taxes. MA is the only option available for the Korean populations who are unable to pay the NHI premium (e.g., low-income families), similar to Medicaid in the United States 34 . As of 2011, there were 50,908,646 citizens of Korea, consisting of 49,299,165 (96.8%) NHI beneficiaries and 1,609,481 (3.2%) MA recipients 35 . NHIS provides benefits for prevention, diagnosis, and disease and injury treatment, as well as rehabilitation, births, deaths, and health promotion. NHIS gathers, maintains, and stores all medical claims in a database consisting of diagnoses, treatments, healthcare utilization, and prescriptions 33 . For example, NHIS had 1.3 billion medical claims from Korean citizens in 2011 34 . NHIS established the National Health Insurance Service-National Sample Cohort (NHIS-NSC), a population-based cohort database, whose sole purpose is to provide public health researchers and policy makers with representative and useful information regarding citizens' healthcare utilizations and health statu 33 . We used 2002-2013 data from NHIS-NSC, released by NHIS in 2014. This cohort data contains 1,025,340 people (as of 2002, approximately 2.2% of the entire Korean population) who were randomly selected for representing the entire Korean population 33 . In order to make randomized cohort samples, NHIS used probabilistic sampling to represent an individual's total annual medical expenses within each of 1476 strata defined by age, sex, eligibility status (employed or self-employed), and income level (20 quartiles for each eligibility status and MA recipients) combinations via proportional allocation from the 46,605,433 Korean residents in 2002 33, 36, 37 . In particular, NHIS-NSC was designed to be a semi-dynamically constructed cohort database; the cohort has been followed up to either the time of the participant's disqualification from receiving health services due to death or emigration or until the end of the study period, whereas samples of newborn infants are included annually 33, 36, 37 . The database contains eligibility and demographic information regarding NHI beneficiaries as well as data on MA recipients, medical bill details, medical treatment, disease histories, and prescriptions 33, 36, 37 . NHIS-NSC data accessed in the current study included demographic information, including sex, age, residence regions, household income, and type of health security. In addition, inpatient and outpatient medical care utilization information for primary and subsidiary causes, including date of service, and drugs prescribed were included. The causes of medical care utilization or death were recorded under the International Classification of Diseases, 10 th reversion (ICD-10). We included study subjects whose (1) primary cause of medical service usage was 'I201 ' or (2) subsidiary cause of 'I201' and cause of death of 'I' , with no prior medical service usage under 'I201' , either primary or subsidiary, before the time of inclusion in the study. For the onset of VA, we established 2002 to 2003 as the washing-out period, and excluded patients with any treatment or diagnosis history of VA during this period. To specifically detect new VA patients, we established a washing-out period from at least two years to nine years. follow up duration, but the duration would be > 2 years. Follow-up for all VA patients was completed at the end of 2013 (Fig. 2) .
Baseline clinical data. The subjects' ages were grouped into 15-49, 50-64, and ≥ 65 years. Information on cardiovascular risk factors including hypertension (ICD-10 I100, I101 and I109), diabetes mellitus (ICD-10 E10-E14), and dyslipidemia (ICD-10 E78) was obtained. To assess medication adherence, all drugs administered to patients for a year after onset of VA were reviewed. In order to evaluate medication adherence, we used medication possession ratio (MPR), a ratio of total days' supply to numbers of days of study participation per participant 38, 39 . Good medication adherence was defined as a cumulative medication adherence of more than 80% (approximately annually 300 days) per study period among patients with VA prescribed in a given period and included data only on VA medication prescription dispensed from pharmacies 40, 41 . In this study, VA medication refers vasodilators including diltiazem, verapamil, nitrate, nicorandil, and molsidomin. Household income was stratified into three groups according to income quintile: quintile 1-3, quintile 4-8, and quintile 9-10 groups. Metropolitan areas referred to seven major cities (Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan) in South Korea.
Mortality data. NHIS-NSC records were merged with certified date of death from the Statistics Korea, and the cause of death and death date were recorded. Cardiovascular death was defined as a case with circulatory cause of death (ICD-10 I00-I99). For the death date, information on only the year and month of death was obtained, and the following methods were used to calculate the follow-up duration until death: if the date of final medical care utilization was in the year and month as that of death, we set the death date by adding a nursing period (days) to the start of the date of care. In case the date of final medical care utilization was not in the same year or month as that of death, we set the death date on the middle of the year and month.
Statistical analysis. Descriptive statistics of the study population are presented as n (%) for dichotomous variables and mean ± standard deviation for continuous variables. Cox proportional hazards model was used to investigate the association of candidate risk factors with mortality. For censored cases, we set the end of the follow-up point as the last date of medical care utilization, since it was certain that these patients were alive when they utilized the medical care services. Age, sex, cardiovascular risk factors, medication adherence, type of medical center, type of health security, household income, and residence region were considered as potential confounders and were adjusted during multivariable Cox regression analysis. For the interaction analyses, we fitted cross-product terms between poor medication adherence and clinical variables in order to investigate whether the effect of poor medication adherence on mortality was changed by other clinical variables. Multiple binary logistic regression analysis was performed to investigate independent factors for good medication adherence. Age, sex, cardiovascular risk factors, type of medical center, type of health security, household income, and residence region were considered as potential confounders and were adjusted during Multiple binary logistic regression analysis. All analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and P < 0.05 was regarded as statistically significant.
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